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Abstract 
From household refrigerator to cooling chambers and passing by air conditioners of all types, refrigerants are 
widely used in both industrial and domestic equipments. These fluids, which are henceforth being banned due in 
particular to their environmental toxicity, are expected to be replaced. Replacing them is a difficult task considering 
that the only solutions currently available are the so-called "natural" refrigerants, such as ammonia, hydrocarbons and 
CO2. The disadvantages of these products are mainly toxicity (NH3), flammability (HC) and high pressures (CO2). 
However, with minimal skills and compliance with safety rules, they do not eventually prove to be more dangerous 
than other fluids.
Our endeavour in this project is intended as a contribution to the protection of our environment. The motive being 
to produce cold for freezing foodstuffs, preservation of pharmaceuticals and space cooling.        
               
We aim in particular at the control of clean (white) rooms. Considering the climate situation in our country, this 
cold production will be supported by the use of solar energy as a power source, in order to ensure the autonomy of 
these areas in arid and semi arid regions. An alternative that seems promised to a bright future. 
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1. Introduction  
In recent years, due to their impact on the environment (depletion of the ozone layer and greenhouse 
effect), quotas have been gradually set for the use of halogenated refrigerants. In this context, the recourse 
to the use of "natural" refrigerants becomes a feasible solution.  
During the last two decades, the works on the use of natural refrigerants in mechanical vapor 
compression systems were the subject of numerous publications [1]. The most often cited are: ammonia 
(NH3), hydrocarbons (HC), water (H2O) and carbon dioxide (CO2). However, their widespread use is 
being hampered by limitations deriving from their toxic (NH3), flammable (hydrocarbons, NH3) character 
or from their unfavourable thermodynamic characteristics (CO2). 
We present in this work the potential benefit of the redeployment of these natural refrigerants as          an 
alternative solution to replace chlorofluorocarbons (HFCs), hydrochlorofluorocarbons (HCFCs)            
and hydrofluorocarbons (HFCs), since they contribute less to the increase of the greenhouse effect. Hence,   
we try by this work to make our contribution to safeguarding the environment. 
2. History 
In the early 20th century, refrigeration needs increased. This evolution is linked to the growth              
of agricultural production and the emergence of new business sectors which use refrigeration techniques 
(milk and meat industries, maritime transport of perishable goods). The uses of ammonia and carbon 
dioxide vary among countries, but in the 1920s, ammonia has gradually gained prevalence in the major 
industrial facilities. It was only until the 1930s and the advancement of domestic refrigeration to witness 
the development of synthetic fluids, namely the chlorofluorocarbons (CFCs) (though less efficient 
thermally but non-toxic), whose high molecular weight is well suited to centrifugal compression            
and allows the development of hermetic compressors [2], [3]. CFCs have since then gradually replaced 
the methyl chloride, the CO2 and the SO2. The major CFCs are mainly: 
x R12 (CF2Cl2) for applications near 0°C, namely air conditioning of work premises, industrial heat 
pumps, refrigeration and storage of fresh food, 
x R11 (CFCl3) for use in centrifuges, 
x R502 (a mixture of R22/CHClF2 and R115) for low temperature processes, such as the freezing and 
storing of frozen products and ice creams. This refrigerant is also used in the circuits of "frozen stuffs" 
fittings in department stores of the type super and hyper markets. 
3. Current Situation and Prospects 
Since the discovery of the hole in the ozone layer in the upper atmosphere caused by the chlorine 
contained in CFCs, the international community decided to limit their production and then to definitively 
ban them (Vienna Convention, Montreal Protocol, London Agreement, Copenhagen Conference and 
Kyoto Protocol). Except for new equipment or techniques, this common position of States has two 
consequences: 
x Cold specialists propose, as palliative solutions, substitutes such as hydrochlorofluororocarbons 
(HCFCs), less aggressive transitional fluids, while continuing, in the long term, to look for totally 
neutral new molecules. 
x The return of former refrigeration fluids and essentially of ammonia, which can be used in most 
industrial installations of refrigeration, freezing, storage at all temperatures or in certain sports 
complexes (rinks, etc..). 
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According to several authors, fluids of this type have consequences [4]: 
x Effect on living beings by the ODP (ozone-depleting potential) index, 
x Effect on climate characterized by GWP (Global warming Potential) index and TEWI                    
(Total Equivalent Warming Impact) index (relative to CO2). 
Table 1 below provides an overview of the environmental impacts of three refrigerants compared to 
ammonia. 
4. Overview of the production of cold 
Producing cold became indispensable and obvious in our modern society, in terms both of food security 
(preservation of stocks and maintaining their sanitary, organoleptic and nutritional qualities) as of 
ensuring the well-being of humans (conditioning of air and ambient surroundings). 
Producing cold implies absorbing heat at a temperature below that of the surrounding environment. 
Thermodynamic methods, which use either the endothermic phenomena accompanying phase changes of 
a body (fusion, sublimation, evaporation, expansion or dissolution) or certain chemical reactions, are the 
most prevalent. Cold is most often produced by expansion of a compressed gas, usually of the Freon 
family, or by evaporation of a fluid at a low vapor pressure, easy to vaporize, such as ammonia. 
4.1. Theoretical refrigeration cycle
To absorb heat at low temperatures, most of the processes that utilize an intermediate fluid; evolve in a 
closed cycle so that to reproduce as many times as necessary the refrigeration evolution of the entire 
system.  
Artificial cold is mainly produced by gas compression systems. Hence, a vapor compression cycle 
comprises the following main elements (see Figure 1 below): 
x An evaporator, wherein the vaporization of the refrigerant removes a heat quantity Q0 from the 
external environment. 
x A mechanical compressor which sucks the vapors formed in the evaporator at the pressure P2 to 
compress and expel them at a pressure P1. The compressor absorbs a mechanical energy W. 
x A condenser, in which the refrigerant condenses and releases a certain amount of heat Q to the external 
environment. 
x A fixed expansion device, through which the refrigerant returns back to the evaporator, with its 
pressure being reduced from P1 to P2.
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Figure 1: Schematic diagram of a typical single-stage vapor compression refrigeration cycle [7]
5. Ammonia-based refrigerating machines 
The conception of refrigerating machines using ammonia or halogenated fluids is quite comparable. The 
components are however made of ordinary steel; the copper, its alloys and the zinc are attacked by 
ammonia. The toxicity of ammonia renders, indeed, its use somehow dangerous, chiefly inside buildings 
(risk of asphyxiation and severe burns in case of leakage) [1]. However, with minimal skills, respect for 
the rules of art, adherence to safety regulations, it does prove to be more dangerous than other fluids. The 
electricity and natural gas that we use every day can, in a number of applications, be hazardous as well. 
As a refrigerant, ammonia offers some advantages, including particularly: 
x Good thermodynamic properties (heat/mass transfer) allowing for obtaining machines with one of the 
best existing performance coefficients. 
x A higher critical temperature. 
x A very high enthalpy (heat) of vaporization, making its use possible to produce temperatures as low as 
- 60°C. 
x Easy detection in case of leakage, even minimal. 
x Lack of effect on the atmospheric ozone or contribution to the greenhouse effect. 
x The lowest cost price of all refrigerants. 
The limitations to its use derive from the risks it entails and in particular: 
x Potential character of flammable gas. 
x Strong exothermicity of its dissolution in water. 
x Toxicity at low concentrations in the air (25 ppm). 
x Need for rather high pressures, requiring steel thicknesses superior to those of the components used 
with halogenated refrigerants. 
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There would exist worldwide almost 300,000 ammonia-compression plants [6], apart from domestic 
refrigerators and waste heat recovery industrial facilities. Descending from a well-mastered technology, 
ammonia being used for over a century as a refrigerant; such facilities cover almost all industrial and 
domestic needs of medium or of very high refrigerating power. The whole of cold-related French 
industries would represent a stockpile of refrigerants of approximately 33,000 t [4], 27.5% of this capacity 
would be used in food-related industries, accounting for nearly 9100 t consisting of CFCs (R12, R502), 
HCFCs (primarily R22) and ammonia. 
Type of activity CFC (t) HCFC (t) NH3 (t) Total (t)
Public refrigerated warehouses 60  400  540  1 000  
Private refrigerated warehouses  102  700  900  1 702  
fruit depots  60  400  500  960  
Ice creams and ices 27  40  115  182  
Frozen food plants  11  70  210  291  
Fresh dairy products - 560  840  1 400  
Beverages 15  25  170  210  
Meat processing - 1 000  980  1 980  
Vegetable processing - 240  720  960  
Bakeries - 150  90  240  
Grain processing 100  10  75  185  
General Total (t) 375  3 595  5 140  9 110  
Percentages 4  39,5  56,5  100  
Table 2 - Data on the quantities of used refrigerants. 
The preceding table shows that CFCs tend to disappear in the agri-food industries, that HCFCs account 
for a significant share, to be replaced in the relatively near future, and that ammonia is already the most 
widely used refrigerant. A Dutch study reaches comparable results. The International Institute of Cold 
also indicates that ammonia account for 59% of refrigerants (31% for HCFCs with R22, 1% for CFCs 
with R12 and 9% with R502). Out of the 176 ice rinks in France, 85 use a secondary refrigerant fluid (i.e., 
glycol water or brine). Finally in French ports, 170,000 tons of hydric (water) ice is produced each year in 
the form of flakes (scales) by direct expansion of ammonia. This activity represents 14 tons of ammonia 
for the entire sector. 
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6. Conclusion 
Our project is meant as a contribution to the protection of our environment. We want to produce 
refrigeration for freezing food, preservation of pharmaceuticals and space cooling. We aim in particular at 
the control of clean rooms. 
Given the climate situation of our country, the cold production will be supported by the use of solar 
energy as a power source to ensure the autonomy of these sectors in arid and semi arid regions. 
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